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[57] ABSTRACT 
An ink tank suitable for use in an ink-jet recording appa 
ratus, comprises a closed ink bladder of a ?exible mate 
rial, the ink bladder being formed by assembling two 
double-folded sheets with each other or by folding a 
single sheet with the peripheral matched portions of the 
folded sheets or sheet adhered to each other, and the 
larger sheet or said single sheet includes a plug member 
sealingly attached thereto at a position adjacent to the 
folded portion of the larger sheet or adjacent to the 
corresponding portion of said single sheet, said plug 
member having an ink outlet port. In an ink-jet record 
ing apparatus comprising such a closed ink bladder of a 
?exible material for supplying ink to a recording head, 
the plug member mounted on said ink bladder includes 
a pair of upper and lower electrodes exposed to the ink 
in said ink bladder, inwardly extending ribs disposed on 
the opposite sides of said plug member and effective to 
prevent said ink bladder from completely collapsing, 
and detection means for sensing a change in electrical 
resistance between said electrodes to detect the residual 
amount of ink within said ink bladder when a gas en 
closed in said ink bladder reaches between said ribs. 

31 Claims, 11 Drawing Figures 
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INK-JET RECORDING APPARATUS AND INK 
TANK USED THEREIN 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an ink-jet recording 

apparatus of such a type that recording head means 
receives ink from a closed blader containing a supply of 
ink and being made of a ?exible material such as a plas 
tic sheet, and an ink tank used therein to house such a 
closed bladder. 

2. Related Background Art 
Attention is recently drawn to an ink-jet recording 

apparatus since it is suitable for monochrome as well as 
color recordings. For color and gradation recordings, a 
plurality of ink tanks corresponding to the number of 
ink colors (for example, yellow, magenta, cyan and 
black) and the same number of recording heads are 
required. Besides hue, the use of thick and thin inks also 
requires a plurality of ink tanks. This is true in either of 
a serial type ink-jet recording apparatus in which scan 
ning is effected by carriage means or a full-line type 
ink-jet recording system in which scanning is carried 
out in each transmission of paper. 

In such ink-jet recording apparatus, an ink bladder is 
used which is made of a ?exible material such as plastics 
sheet, metal-plastics sheet lamination or the like. The 
ink bladder is replenished with new ink while expelling 
air out of the bladder. A pair of electrodes are disposed 
at spaced positions, for example, at upper and lower 
positions within the bladder such that the residual 
amount of ink within the bladder will be sensed by 
measuring changes in the electric resistance between 
the electrodes. In such an ink sensing method, however, 
some amount of ink frequently remains between the 
electrodes even after the ink bladder has collapsed due 
to reduced amount of ink. This does not provide an 
accurate detection of ink in the bladder. 
To overcome such a problem, a hard vessel may be 

used to contain ink in place of such a ?exible ink blad 
der. The hard vessel must have a vent to prevent the 
internal pressure of the vessel from being changed. This 
provides additional problems in that the ink solvent is 
evaporated through the vent to change the properties of 
the ink within the bladder such as viscosity and others 
and in that the ink tends to leak out of the bladder 
through the vent. ' 
The ink bladder is normally in the form of “a ?oor 

cushion” made of a plastics sheet or the like. Such a 
form of ink bladder is mounted within the ink-jet re 
cording system in a substantially horizontal position. 
Therefore, the ink bladder is reduced in thickness to 
decrease the internal pressure of the ink bladder. In such 
a case, there are still other problems that the size of the 
ink vessel is undesirably reduced and that the residual 
amount of ink in the ink bladder is difficult to be sensed. 
Particularly, a pair of upward and downward elec 
trodes spaced away from each other to sense the resid 
ual amount of ink due to changes in the electrical resis 
tance between the electrodes are substantially difficult 
to be used. 

In an ink-jet recording apparatus including a plurality 
of ink reservoirs, a pair of spaced electrodes is disposed 
within each of the ink reservoirs to measure the change 
of electric resistance between the electrodes, depending 
on the residual amount of ink within that ink reservoir. 
In such a case, a set of measuring and sensing circuits 
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2 
are required for each of the ink reservoirs. Therefore, 
the associated detecting means is costly and complex. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
ink-jet recording apparatus and an ink tank used therein, 
which can solve the aforementioned problems in the 
prior art. 
Another object of the present invention is to provide 

an ink-jet recording apparatus and an ink tank used 
therein, which can sense the residual amount of ink in a 
closed ink bladder by the use of a pair of electrodes and 
yet can easily set the residual amount of ink to be sensed 
at a desired level. 

Still another object of the present invention is to 
provide an ink-jet recording apparatus and an ink tank 
used therein, which can utilize a reduced space contain 
ing an ink bladder of an increased capacity and which 
can include sensor means for sensing the residual 
amount of ink within the ink bladder, the sensor means 
including a pair of electrodes disposed within the ink 
bladder and used to measure a change in the electrical 
resistance between the electrodes, representative of the 
residual amount of ink within the ink bladder. 
A further object of the present invention is to provide 

an ink-jet recording apparatus comprising residual ink 
sensing means of a simple circuit for sensing the residual 
amounts of ink within a plurality of ink reservoirs. 
A further object of the present invention is to provide 

an ink tank for ink-jet recording systems, the ink tank 
housing a closed ink bladder made of a ?exible material, 
the ink bladder being formed by assembling two double 
folded sheets of different sizes or using a single sheet 
double-folded into a similar con?guration to join the 
peripheral portions thereof to form a bladder, the larger 
sheet or single sheet including a plug member having an 
ink outlet port adjacent to the folded portion of the 
larger sheet or at the corresponding portion of the sin 
gle sheet. 
A further object of the present invention is to provide 

an ink-jet recording apparatus in which said ink bladder 
containing ink is mounted therein in a vertical position 
with the folded portion of said larger sheet or the corre 
sponding portion of said single sheet being located 
downwardly. 
A further object of the present invention is to provide 

an ink-jet recording apparatus comprising a closed ink 
bladder of a ?exible material for supplying ink to a 
recording head, a plug member disposed on the ink 
bladder and including a pair of upper and lower elec 
trodes which are exposed to the ink in the bladder, 
inwardly extending ribs on the opposite sides of said 
plug member for preventing the ink bladder from being 
completely collapsed, and sensor means for sensing the 
residual amount of ink within the ink bladder from a 
change in electrical resistance between said electrodes 
which is produced when gas charged in the ink bladder 
reaches between said ribs. 
A further object of the present invention is to provide 

anink tank comprising an ink bladder formed of a ?exi 
ble material, a plug member for discharging ink out of 
the ink bladder, electrode means for sensing the amount 
of ink within the ink bladder and rib means extending 
inwardly within the ink bladder to form a space sur 
rounding the electrode means. 
A further object of the present invention is to provide 

an ink-jet recording apparatus comprising a plurality of 
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ink reservoirs for supplying ink to the respective re 
cording heads, a pair of electrodes exposed to the ink 
within each of the ink reservoirs and connected in series 
with each other, and a sensor circuit for measuring an 
electric resistance between each pair of series-con 
nected electrodes to sense the residual amount of ink in 
the corresponding ink reservoir. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal section of the primary parts of 10 
an ink-jet recording apparatus which is one embodiment 
of the present invention. 
FIG. 2 is an exploded perspective view of an ink 

bladder shown in FIG. 1 before assembly. 
FIG. 3 is a perspective view of the ink bladder after 

it is closed and assembled. 
FIG. 4 is a fragmentary cross-sectional view of a plug 

member, taken along a line IV-IV in FIG. 1. 
FIG. 5 is a cross-sectional view taken along a line 

V—V in FIG. 1. 
FIGS. 6A to 6D illustrate various types of ink blad 

ders usable in the present invention. 
FIG. 7 is a front elevational view of electrical con 

nections used in the ink-jet recording apparatus shown 
in FIG. 1. 
FIG. 8 is a circuit diagram of ink sensing means con 

structed by the electrical connections shown in FIG. 7. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring first to FIG. 1, there is shown an ink-jet 
recording apparatus comprising a carriage 3 movably 

V’ mounted on guide shafts 1 and 2 and a recording head 4 
-mounted on the carriage 3. The recording head 4 in 
cludes ori?ce means which is adapted to discharge 
droplets of ink on a sheet of paper 5 to be_ printed as the 
carriage 3 runs along the length of the guide shafts 1 and 
2. The paper 5 is backed up by a platen 6 and moved by 
a feed roller 7 in a direction shown by arrow in FIG. 1. 
The carriage 3 includes a chamber 8 in which a car 

’htridge 9 as an ink tank is removably mounted. The car 
tn'dge 9 houses a closed ink bladder 10 made of a ?exi 
ble material such as a plastic sheet or the like. Ink is 
supplied from the ink bladder 10 to the recording head 
4 
For normal monochrome printing, a single ink blad 

der and recording head 10, 4 are used. However, for 
color print with a plurality of colors (for example, yel 
low, magenta, cyan and black) or for light-and-shade 
print with a single color, a plurality of ink bladders 10 
are used with the corresponding number of recording 
heads 4, depending on the number of the types of ink 
used. The present embodiment utilizes a cartridge 9 
containing two ink bladders 10 as shown in FIG. 5. 
FIGS. 2 to 4 illustrate the structure of said ink blad 

der 10. 
The ink bladder is constructed by assembling two 

double-folded sheets 11 and 12 of different sizes with 
each other, as shown in FIG. 2. The peripheral matched 
portions 13 of the assembled sheets contacting with 
each other as shown in FIG. 4 are adhered to form a 
bladder. The larger double~folded sheet 11 includes a 
plug member 16 sealingly connected therewith between 
the matched sheet portions at a position adjacent to the 
folded portion 14 of the sheet 11. The plug member 16 
is a molding of any suitable insulation material such as 
plastics or the like and includes an ink outlet pipe 15 
molded integrally therewith. 
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4 
The plug member 16 also includes a pair of inwardly 

extending ribs 17 formed integrally therein at the oppo 
site inner walls, which ribs serve to prevent the ink 
bladder 10 from being completely collapsed. The plug 
member 16 further includes a rooflike cover 18 formed 
integrally therein at the top and extending inwardly 
therefrom to cover part of a space between the ribs 17. 
The cover 18 functions to effectively hold air within the 
ink bladder and thus to enable a more accurate detec 
tion of the residual amount of ink within the ink bladder 
as will be described hereinafter. 
The plug member 16 further includes an electrode 19 

extending outwardly therethrough at a position above 
the ink outlet pipe 15 and below the cover 18. The inner 
end of the electrode 19 is exposed to the ink within the 
ink bladder 10. 
As seen from FIG. 1, the cartridge 9 includes a plug 

of rubber 20 mounted thereon about the ink outlet por 
tion and sealingly ?tted over the ink outlet pipe 15 of 
the plug member 16. The electrode 19 extends out 
wardly though the rubber plug 20 and the forward wall 
of the cartridge 9. The rubber plug 20 is formed with an 
internal ink chamber 21 which communicates with the 
interior of the ink bladder 10 through the ink outlet pipe 
15. 
A hollow needle 22 of a conductive material (nor 

mally, metal) is ?xedly mounted on the forward portion 
(rightward portion as viewed in FIG. 1) of the cartridge 
containing chamber 8 and extends into the ink chamber 
21 through the rubber plug 20 when the cartridge 9 is 
mounted. Thus, the distal end of the hollow needle 22 is 
exposed to the ink 23 in the ink bladder 10 through the 
ink chamber 20 and the ink outlet pipe 15. The hollow 
needle 22 de?nes another electrode, so that a pair of 
upper and lower electrodes will be provided by the 
hollow needle 22 and the electrode 19. 
As seen from FIGS. 1 and 5, the ink bladder 10 con 

taining the ink 23 is mounted and positioned vertically 
within the cartridge 9 with the folded portion 14 (FIGS. 
2 and 3) of the larger sheet 11 positioned downwardly. 
The cartridge 9 also is mounted vertically within the 
carriage 3. Under such a position, air is collected up 
wardly within the ink bladder 10 and will not penetrate 
into the ink outlet pipe 15 disposed on the ink bladder 10 
adjacent to the folded portion 14 of the larger sheet 11. 
The bottom portion of the cartridge 9 on which the 

ink bladder 10 is placed is of V- or U-shaped cross-sec 
tion such that the bottom of the ink bladder 10 contain 
ing the ink 23 can closely be placed on the internal 
bottom of the cartridge 9 to prevent the ink bladder 10 
from being broken or displaced under any accidental 
vibration or impact. 

It is desirable that the ink bladder 10 contains an 
amount of gas (for example, air) with the ink 23. The 
amount of gas is preferably in the range of 0.5 c.c. to l 
c.c. It has been found that if the amount of gas is less 
than 0.5 c.c., the residual amount of ink cannot accu 
rately be sensed. If the amount of gas is equal to or more 
than 0.5 c.c., the residual amount of ink can accurately 
be sensed in practice. For example, when the ink blad= 
der contains an amount of air equal to 0.5 c.c., tests 
showed that the residual amount of ink within the ink 
bladder which had been set could accurately be sensed 
in a rate equal to 99%. When the amount of air is equal 
to 1 c.c., the residual amount of ink can accurately be 
sensed up to 100%. Since if the amount of air is too 
much, the amount of ink to be contained is reduced or 
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the capacity of the ink tank is increased, the amount of 
air should be limited to be necessary and 
The proximal end of the hollow needle 22 is con 

nected with the recording head 4 through an ink sup 
plying tube 24 which is made of an insulation material 
such as plastics or the like. 
The electrode (upper electrode) 19 on the plug mem 

ber 16 has its outer end extending outwardly from the 
cartridge 9, which is electrically connected with a ter 
minal 26 on the carriage 3 through a leaf-like conduc 
tive spring 25 when the cartridge 9 is mounted in the 
carriage 3, as shown in FIG. 1. 
The other electrode, that is, the hollow needle 22 is 

rigidly mounted on the carriage 3 by means of a con 
ductive screw 27 such that the needle will penetrate 
through the rubber plug 20 and be exposed at the distal 
end to the ink within the ink bladder 10 when the car 
tridge 9 is mounted in the carriage 3. Thus, the head of 
the conductive screw 27 functions as a terminal on the 
carriage side for the lower electrode (hollow needle), in 
the illustrated embodiment. . 

The pair of upper and lower electrodes 19 and 22 are 
connected at their terminals 26 and 27 with a sensor 
circuit (not shown) which can measure an electrical 
resistance between the electrodes. 

In this connection, it is to be noted that the ink 23 is 
more electrically conductive than that of the gas con 
tained within the ink bladder 10 to provide an electrical 
resistance different from that of the gas. 
As the ink 23 in the ink bladder 10 is used, the ink 

bladder 10 collapses increasingly. Since the ink bladder 
10 is formed by the sheets 11 and 12 of different sizes as 
shown in FIG. 3, the top portion thereof can sufficiently 
be widened when the ink bladder 10 is ?lled with ink 
and easily be reduced in width as the ink is being used. 
Therefore, the ink bladder 10 can receive an increased 
amount of ink and can collapse easily as the amount of 
the ink contained in the ink bladder 10 is being de 
creased. Consequently, the level of ink within the ink 
bladder 10 will not very be changed and is maintained at 
a high level until the residual amount of ink becomes 
substantially small. The enclosed gas remains above the 
level of ink. Under such a condition, the ink 23 exists 
between the pair of electrodes 19 and 22 to provide an 
electrical resistance therebetween at a small value. 

If the ink is used up to a preset level, the ink bladder 
10 substantially completely collapses except the area of 
the ribs 17 in the plug member 16 and, as the case may 
be, the folded portion (bottom) of the larger sheet 11. 
Under such a situation, the enclosed gas is moved 
downwardly within the ink bladder 10 and then pene 
trate into the space (the uncollapsed space between the 
ribs 17) which contacts the plug member 16. Thus, the 
electrical resistance between the electrodes 19 and 22 is 
rapidly changed by the existance of the moved gas 
therebetween. By sensing this rapidly changed electri 
cal resistance, it can be known that the residual amount 
of ink reaches the preset level within the ink bladder 10. 

In practice, it is desirable that the above preset level 
is in such a range that at least one sheet of paper can be 
printed by the use of the residual ink within the ink 
bladder. If the used ink bladder is replaced by a new ink 
bladder, a test recording is generally carried out to 
know whether or not ink is positively delivered from 
the new ink bladder to the head nozzle. When the ink 
bladder is changed from one to another during record 
ing and if the test recording is carried out on the same or 
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6 
other recording paper, the continuity of recording will 
be lost. 

It is further required that current is supplied to the ink 
with as less number and time as possible since the ink 
may be electrolized when it is influenced by the current 
at all times. In accordance with the present invention, 
current is supplied to the ink in the ink bladder for a 
brief time to measure the resistance in the ink, for exam 
ple, when a printer is energized; after the ink has been 
drawn from the tip of the head nozzle by means of a 
pump (not shown); after no out paper has existed in 
place upon completion of the recording operation; 
when a continuous paper is moved through a speci?ed 
length and so on. 

In the illustrated structure of the ink bladder 10, a 
desired amount of ink can be left between the upper and 
lower electrodes 19 and 22 when the electrical resis 
tance therebetween is to be sensed. This is very practi 
cable as ink sensing means. 
When the amount of gas enclosed within the ink 

bladder 10 is more, the electrodes 19 and 22 are corre 
spondingly separated by the gas earlier, that is, when 
the residual amount of ink within the ink bladder is still 
much more. In the illustrated structure of the ink blad 
der 10, the amount of enclosed gas can be adjusted 
depending on a preset amount of ink to be sensed. On 
the contrary, this means that a residual amount of ink 
can freely be adjusted simply by regulating an amount 
of enclosed gas such as air or the like. 
When the amount of gas enclosed within the ink 

bladder 10 is unvariable and if the length of the anticol 
lapsing and inwardly extending ribs 17 is increased, the 
electrodes 19 and 22 is correspondingly separated from 
each other by the gas earlier, that is, when the residual 
amount of gas is still much more. In the illustrated struc 
ture of the ink bladder 10, therefore, the length of the 
inwardly extending ribs 17 can be adjusted depending 
on a desired residual amount of ink or an amount of ink 
to be sensed when the amount of enclosed gas is sub 
stantially constant. This means that a value to be de 
tected can freely be adjusted by regulating the length of 
the ribs 17. 
The ink bladder 10 constructed in the manner as 

shown in FIGS. 2 and 3 may be replaced by an ink 
bladder constructed and formed from a single sheet as 
shown in FIGS. 6B, 6C and 6D. Contrary to an ink 
bladder formed from two sheets as shown in FIG. 6A, 
an ink bladder of a single sheet can be folded into a 
similar con?guration with a plug member attached 
thereto, in the manner as shown in each of FIGS. 6B to 
6D. 

In accordance with the embodiments described 
above, the residual amount of ink in the ink bladder 10 
can easily be sensed by measuring the electrical resis 
tance between the pair of electrodes 19 and 22 even if a 
closed ink bladder is utilized as an ink reservoir for 
supplying ink to a recording head. And yet, the residual 
amount of ink to be sensed may easily be set at a desired 
value. 

Furthermore, since the ink bladder is formed from 
two folded sheets 11 and 12 or a single folded sheet, a 
space receiving the ink bladder can be reduced while 
increasing the amount of ink to be contained in the ink 
bladder. 
Although the described embodiment has used the 

hollow needle 22 forming part of the ink supplying 
passage as a lower electrode, such a lower electrode 
may be of a separate part from the hollow needle. 



7 
Athough the embodiment has been described as to 

the serial type recording apparatus having the carriage 
3, the present invention may similarly be applied to a 
line type ink-jet recording apparatus. 
The present invention may be embodied in various 

different forms irrespective of the number of the record 
ing heads 4, cartridges 9 and ink bladders 10 and/or 
independently of the place of them if they are mounted 
in the recording apparatus at a part other than the car 
riage 3. 
The present invention will now be described with 

respect to means for sensing the residual amount of ink 
in the ink bladder. 
As described hereinbefore in connection with FIG. 1, 

each of the ink bladders 10 includes a plug member 18 of 
an insulation material such as plastics or the like which 
is sealingly attached thereto. The plug member 18 in 
cludes an ink outlet pipe 15 formed integrally therein 
and an upper electrode 19 extending through the plug 
member 18 above the ink outlet pipe 15 with the inner 
end exposed to the ink 23 in the ink bladder 10. The ink 
outlet pipe 15 is sealingly connected with one end of a 
hollow needle 22 with thevother end thereof being con 
nected with the corresponding recording head 4 
through an ink supplying tube 24 which is made of an 
insulation material such as plastics or the like. 

Part of the upper electrode 19 extending outwardly 
from the cartridge 9 is electrically connected with a 

illeafcspring type terminal 25 of a conductive material 
. ’ ‘which is rigidly mounted on the carriage side by means 

‘of a screw 26, when the cartridge 9 is mounted in the 
1'5" carriage 3. 

The lower electrode (hollow needle) 22 is ?xedly 
‘Wmounted on the carriage 3 such that the needle will 

penetrate through the rubber plug 20 ‘into a position 
exposed to the ink in the ink bladder 10 when the car 
tridge 9 is mounted in the carriage 3. 

It is to be understood that the ink 23 has an electrical 
" conductivity higher than that of a gaseous body such as 
air contained in an ink reservoir (ink bladder) to provide 

“an electrical resistance different from that of the gase 
ous body. 

t ' The pair of electrodes 19 and 22 in each of the ink 
"1 reservoirs 10 is utilized to sense a difference in electrical 
resistance between the ink 24 and the gas to know a 
residual amount of ink in the ink reservoir 10. 
More particularly, the electrical resistance is smaller 

if the space between the electrodes 19 and 22 is occu 
pied by the ink 23 while the electrical resistance is in 
creased if the residual amount of ink reaches a predeter 
mined level and when the space between the electrodes 
19 and 22 is occupied by the gas. This principle is uti 
lized to sense the residual amount of ink in the ink reser 
vorr. 

Where four ink reservoirs (ink bladders) 10 are used, 
an ink detection circuit may be used which is connected 
with the electrodes on the respective ink reservoirs as 
shown in FIGS. 7 and 8. 

In FIGS. 7 and 8, the four ink reservoirs 10 are distin 
guished from one another by four capital letters A, B, C 
and D attached from left to right as viewed in FIG. 7. 
The respective upper electrodes are designated 19A, 
19B, 19C and 19D while the respective lower elec 
trodes are denoted 22A, 22B, 22C and 22D. 
As seen from FIG. 7, the lower electrodes 22A to 

22D on the respective ink reservoirs 10A to 10D are 
paired into two pairs each of which is in contact with a 
pressure plate 28 of a conductive material such as iron 
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8 
or the like. Each of the pressure plates 28 is rigidly 
mounted on the carriage 3 by means of a set screw 27. 
Two inward ink reservoirs 10B and 10C are electri 

cally connected with two leaf-spring type terminals 25B 
and 25C which are electrically connected with each 
other through a conductive member 29. 

In such a manner, all the upper and lower electrodes 
19A-19D and 22A-22D on the respective ink reservoirs 
IDA-10D are connected in series. More particularly, if 
there is an equivalent circuit having resistances RA, 
RB, RC and RD between the corresponding pair of 
electrodes on the respective ink reservoirs as shown in 
FIG. 8, the respective electrodes are connected in series 
in the order of 19A-22A-22B-19B—19C—22C—22 
D-19D. 
The electrodes on the opposite ends of such a series 

connection (19A and 19D in the illustrated embodi 
ment) are connected with the opposite terminals of a 
detection circuit 30 for measuring an electrical resis 
tance to sense the residual amount of ink, as shown in 
FIGS. 7 and 8. 
On operation, if any one of the four ink reservoirs 

I 10A-10D has the residual amount of ink reduced up to 
a present level, the electrical resistance between the 
corresponding pair of electrodes is changed or in 
creased. This can be sensed by the detector circuit 30. 
This indicates that all the ink reservoirs 10 and thus the 
cartridge 9 should be replaced by new ink reservoirs or 
cartridge. 

In such an arrangement, only a single detection cir 
cuit 30 may be used to sense the residual amount of ink 
even when a plurality of ink reservoirs are used for 
color print and particularly where a plurality of in res 
ervoirs are housed in a single cartridge. This will reduce 
the complex and expensive construction of the ink-jet 
recording apparatus. 

Since the hollow needle 22 for supplying ink is used 
also as a lower electrode, the construction of the ink 
tank can be simpli?ed. 
Although the illustrated embodiment has been de 

scribed as to the serial type recording apparatus having 
the carriage 3, the present invention may similarly be 
applied to a line type recording apparatus. In the serial 
type recording apparatus, the ink reservoir (s) 10 may 
be mounted in the machine body at any part other than 
the carriage. 
The ?exible ink bladder may be replaced by a hard 

ink vessel. 
Furthermore, the present invention may similarly be 

applied to any ink-jet recording apparatus having at 
least two ink reservoirs. 
As will be apparent from the foregoing, the present 

invention provides a positive and accurate detection of 
the residual amount of ink in the ink bladder means with 
a point to be detected being readily and optionally set. 
The present invention also provides an ink tank supe 

rior in space utility in that it has a reduced volume while 
containing more ink, and an ink-jet recording apparatus 
utilizing such an ink tank. 
The present invention further provides a single and 

simple detection circuit which can be provided for at 
least one ink tank containing a plurality of ink reservoirs 
such that the residual amount of ink in any one of the 
ink reservoirs can positively and simply be sensed. 
We claim: 
1. An ink tank suitable for use in an ink-jet recording 

apparatus, said ink tank comprising: 
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a closed ink bladder of a ?exible material formed by 
assembling at least one sheet with peripheral 
matched portions being bonded together to form a 
tubular member having a portion with a substan 
tially U-shaped or V-shaped cross-section and por 
tions with substantially ?at sides, and 

a plug member sealingly attached to said ink bladder 
where said peripheral portions of said ink bladder 
are bonded together. 

2. An ink tank as de?ned in claim 1, further compris 
ing electrode means for sensing the amount of ink 
within said ink bladder and inwardly extending rib 
means for forming a space about said electrode means. 

3. An ink tank as de?ned in claim 2, wherein said rib 
means is disposed on opposite sides of said electrode 
means. 

4. An ink tank as de?ned in claim 2, wherein said rib 
means has an inwardly extending length determined by 
a preset amount of ink to be sensed. 

5. An ink tank as de?ned in claim 2, wherein said plug 
member is an elastomeric material. 

6. An ink tank as de?ned in claim 2, wherein said 
electrode means is disposed in said plug member. 

7. An ink tank as de?ned in claim 2, wherein said rib 
means sandwiches said plug member. 

8. An ink tank as de?ned in claim 2, further compris 
ing an inward projection other than said rib means. 

9. An ink tank as de?ned in claim 8, wherein said 
projection is disposed between said rib means. 

10. An ink tank as de?ned in claim 8, wherein said 
projection is formed integrally with said plug member. 

11. An ink tank as de?ned in claim 1, wherein said ink 
tank is ?lled with ink and gas. 

12. An ink tank as de?ned in claim 11, wherein the 
amount of ink in said ink tank is determined by the 
amount of gas in said ink tank. 

13. An ink tank as de?ned in claim 11, wherein the 
amount of said gas is equal to 0.5 c.c. or more. 

14. An ink-jet recording apparatus comprising an ink 
' tank comprising a closed ink bladder of a ?exible mate 

rial formed by assembling at least one sheet with periph 
eral matched portions being bonded together to form a 
tubular member having a portion with a substantially 
U-shaped or V-shaped cross-section and portions with 
substantially ?at sides, and a plug member sealingly 
attached to said ink bladder where said peripheral por 
tions of ink bladder are bonded together, said ink blad 
der being mounted in said ink-jet recording apparatus 
with said U-shaped or V-shaped portion at the bottom. 

15. An ink-jet recording apparatus comprising: 
a closed ink bladder of a ?exible material for supply 

ing ink to a recording head, 
a plug member mounted on said ink bladder and in 

cluding a pair of upper and lower electrodes ex 
posed to the ink in said ink bladder, 

a pair of inwardly extending ribs disposed on opposite 
sides of said plug member for forming a space sur 
rounding said electrodes to prevent said ink blad 
der from completely collapsing onto said elec 
trodes, and 

detection means for sensing a change in electrical 
resistance between said electrodes to detect the 
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10 
residual amount of ink within said ink bladder 
when gas enclosed in said ink bladder is disposed 
between said ribs. 

16. An ink-jet recording apparatus as de?ned in claim 
15, wherein one of said electrodes is rigidly mounted in 
said ink bladder and the other said electrode ‘comprises 
an outlet pipe for conducting ink out of said ink bladder. 

17. An ink-jet recording apparatus as de?ned in claim 
16, wherein said outlet pipe is in the form of a hollow 
needle. 

18. An ink-jet recording apparatus as de?ned in claim 
15, further comprising an inward projection other than 
said ribs. 

19. An ink-jet recording apparatus as de?ned in claim 
18, wherein said projection is disposed between said 
ribs. 

20. An ink-jet recording apparatus as de?ned in claim 
18, wherein said projection is formed integrally with 
said plug member. 

21. An ink tank suitable for use in an ink-jet recording 
apparatus, said tank comprising: 

an ink bladder of a ?exible material, 
a plug member for conducting ink out of said ink 

bladder, 
electrode means for sensing the amount of ink within 

said ink bladder, and 
inwardly extending rib means including a pair of rib 
members disposed on opposite sides of said plug 
member for forming a space surrounding said elec 
trode means to prevent said ink bladder from com 
pletely collapsing onto said electrode means. 

22. An ink tank as de?ned in claim 21, wherein said 
ribs have an inwardly extending length determined by a 
preset amount of ink to be sensed. 

23. An ink tank as de?ned in claim 21, wherein said 
plug member is an elastomeric material. 

24. An ink tank as de?ned in claim 21, wherein-said 
electrode means is provided on said plug member. 

25. An ink tank as de?ned in claim 21, further com 
prising an inward projection other than said ribs. 

26. An ink tank as defined in claim 25, wherein said 
projection is disposed between said ribs. 

27. An ink tank as de?ned in claim 25, wherein said 
projection is formed integrally with said plug member. 

28. An ink tank as de?ned in claim 21, wherein said 
ink tank contains ink and gas. 

29. An ink tank as de?ned in claim 28, wherein the 
amount of ink in said ink tank is determined by the 
amount of gas in said ink tank. 

30. An ink tank as de?ned in claim 28, wherein the 
amount of said gas is equal to 0.5 c.c. or more. 

31. An ink-jet recording apparatus comprising a plu 
rality of ink reservoirs each for supplying ink to a corre 
sponding one of a plurality of recording heads, a pair of 
electrodes disposed in each of said ink reservoirs and 
exposed to ink in said ink reservoir, all of said electrodes 
being connected in series, and detection means for mea 
suring an electrical resistance between the electrodes on 
the opposite ends of said series connection to sense a 
residual amount of ink. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENTNO. ; ‘ 4,719,475 Page 1 of 2 

DATED : January 12, 1983 

mvgN-roms) : TAKEHIKO KIYOHARA, ET AL. 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: Title Page: 

AT [56] IN THE REFERENCES 

"Ebinoma" should read ——Ebinuma——. 

COLUMN 1 

Line 9, "blader" should read --b1adder-. 

COLUMN 3 ' 

Line 48, "print"- should read —-printing-—. 
Line 50, "print" should read ——printing—-. 

COLUMN 5 

Line 40, "very" should read --greatly——. 
Line 52, "trate" should read ——trates--. 
Line 55, "existance" should read -—existence——. 

COLUMN 6 

Line 4, "less number" should read -—1ow magnitude——. 
Line 5, "electrolized" should read ——electrolyzed——. 
Line 33, "is" should read ——are——. 

COLUMN 8 

Line 24, "present" should read ——preset-—. 
Line 33, "print" should read -—-printing—-. 
Line 33, "in" should read —-ink—-. 



,M) 
UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF (JORRECTION 
PATENT N0. 4,719,475 

DATED January 12, 1988 

INVENTDRiS) ; TAKEHIKO KIYOHARA, ET AL. 

Page 2 of 2 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

COLUMN 9 

Line 41, '"of “inkl' should read ——of said ink—-. 

Arrest: 

Arresting O?‘icer 

Signed and Sealed. this 

Twelfth Day of July, 1988 

DONALD J. QUIGG 

Commissioner of Patents and Trademarks 


